Objective: Alternative ovarian stimulation protocols for in vitro fertilization (IVF) have grown in popularity. Yet, patient populations best suited for these protocols have not been defined. Our objective was, therefore, to determine national IVF utilization patterns and live birth rates of various ovarian stimulation protocols. 
Yet, ovarian stimulation protocols that, a priori, produce lower oocyte and embryo yields in IVF cycles, have become increasingly popular, 7 including natural cycle IVF, 8 minimal stimulation IVF 9 and in vitro maturation (IVM). 10, 11 Utilization of these protocols has increased with different motivations. For example, minimal stimulation IVF has been promoted as being more physiologic, gentle, patient-friendly and cost-effective, causing controversy. [12] [13] [14] Though cumulative live birth rates with minimal stimulation IVF in a recent randomized controlled trial report were lower than with conventional stimulation, 15 the same authors, nevertheless, concluded that minimal stimulation IVF for many patients represents an overall superior approach. 16 Controversy regarding the efficacy of minimal stimulation protocols is further highlighted by two recent review articles which reached quite different conclusions. The first review concluded that in routine practice conventional stimulation is superior to minimal stimulation IVF based of four fundamental issues: prevalence of severe ovarian hyperstimulation syndrome (OHSS), oocyte/embryo quality, pregnancy/live birth rates, and cost. 17 On the other hand, another review article summarizing a heterogeneous group of clinical studies reached more favorable conclusions of minimal stimulation IVF suggesting that its use should be increased worldwide. 18 Since utilization patterns and live birth rates for various ovarian stimulation protocols have never been compared on a large scale, we here analyze published U.S. national IVF live birth rates based on type of ovarian stimulation. The purpose of this study was not to confirm or reject claims made in the literature in support of any one of these stimulation protocols. For that purpose, readers are referred to recent publications. 17, 19 To facilitate patient counseling, we here instead, simply, wish to report how in the U.S. As this study will demonstrate, national U.S. outcome data for IVF largely are contradictory to current utilization patterns of alternative ovarian stimulation protocols.
Methods

Patient and Public Involvement -not applicable
As reported in the 2014-2015 publicly available data set of the Society for Assisted Reproductive
Technology (SART), 20 we compared female age-stratified IVF live birth for various ovarian stimulation protocols, including conventional and minimal stimulations, natural cycles and IVM cycles. IVF cycles were stratified based on ovarian stimulation protocols: 205,705 conventional stimulations, 4,397 minimal stimulations, 2,785 natural cycle, and 514 IVM cycles. Since ovarian reserve is a major predictor of response to ovarian stimulation and ultimately chance of live birth with IVF, we also performed above analyses specifically for patients with diminished ovarian reserve (DOR) diagnosis for each age group and treatment protocol.
SART reports are based on anonymized aggregate data of U.S. fertility centers, which collectively perform over 90% of all U.S. IVF cycles. As previously described, these source data undergo annual validation. 21 Because this study investigated only publicly available anonymized aggregate data, it received expedited IRB approval.
SART allows each reporting fertility center to assign to each IVF cycle the stimulation protocol that is most fitting to the following common definitions: (i) 20 Live birth rates are now assessed by SART with reference point cycle start, with first embryo transfers considered, whether fresh or the first frozen-thawed transfer in all-freeze cycles. 22 Outcome comparisons between stimulation protocols were made using the two-tailed Fisher's exact test, and the Wilson confidence interval for binomial proportions. Conventional Stimulation IVF served as the reference for all statistical comparisons. P-values of < 0.05 were considered statistically significant. All statistical analyses were performed by the center's principal statistician (SKD), using SAS version 9.4 statistical software. The difference in live birth rates between conventional stimulation and other protocols, thus, widened with advancing female age from 1.6-3.9-fold among women under 35 years to 4.4-6.6-fold among women above age 42. Excluding data from the above mentioned two centers which performed 57.9% of all minimal stimulation and natural IVF cycles showed slightly higher live birth rates (between 0.7% and 6.1%) for these protocols in the remaining centers for all age groups, however, the live birth rates remained significantly lower than those achieved with conventional stimulation.
Results
To assess the impact of DOR as a confounder, we separately assessed only patients with DOR ( Figure 2 ).
As expected, DOR patients across all age groups demonstrated lower live birth rates than the entire study population (Figure 1 ). However, even DOR patients, separately, again demonstrated the widening difference in live birth rates between conventional stimulation and other protocols with advancing female age from 2.8-fold among women under 35 years old to 5.2-fold among women above age 42.
Discussion
As expected, here presented data confirm universally declining live birth rates with advancing female age. However, somewhat unexpected, the data also reveal contradictory findings to current practice patterns. For example, as Table 1 demonstrates, alternative stimulations to conventional stimulations are increasingly used with advancing female age; yet, as Figure 1 demonstrates, especially minimal 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Though the DOR diagnosis was somewhat more common among patients undergoing alternative than conventional stimulations, this difference in DOR prevalence, at most, only partially explains the large difference in live birth rates ( Figure 1 ) since restricting the analysis to only patients with DOR did not substantially alter the findings ( Figure 2 ).
Our study is particularly timely since it shows that national outcome data from routine clinical practice, contradicts observations from small clinical trials, which have recently been used to promote increased worldwide utilization of minimal stimulation IVF. 18 Because live birth rates are significantly lower with minimal stimulation IVF than conventional IVF in national data cautious use in carefully selected patients appears to be appropriate. Current practice of increasing utilization of alternative stimulation protocols in older women and patients with DOR should, therefore, be reconsidered. Indeed, use of alternative stimulation protocols should likely be restricted to young women with normal ovarian reserve.
We previously noted that, after female age, number of oocytes retrieved and embryos available for transfer are the most important predictors of live births in IVF cycles 5, [23] [24] [25] . Since implantation rates decline and aneuploidy rates increase with advancing female age, the importance of oocyte and embryo numbers increases because more embryos can be safely transferred into the uterus to compensate for lower implantation rates. Younger women with high implantation rates, in contrast, will often, even with only few embryos, still conceive. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 between ovarian stimulation protocols in all age groups (P < 0.0001). 
Mean number of (ET) embryos transferred is based on final 2014 data
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Introduction
Methods
As reported in the 2014-2015 publicly available data set of the Society for Assisted Reproductive Technology (SART), 20 we compared female age-stratified IVF live birth for various ovarian stimulation protocols, including conventional and minimal stimulations, natural cycles and IVM cycles. IVF cycles were stratified based on ovarian stimulation protocols: 205,705 conventional stimulations, 4,397 minimal stimulations, 2,785 natural cycle, and 514 IVM cycles. Since ovarian reserve is a major predictor of response to ovarian stimulation and ultimately chance of live birth with IVF, we also performed above analyses specifically for patients with diminished ovarian reserve (DOR) diagnosis for each age group and treatment protocol.
SART allows each reporting fertility center to assign to each IVF cycle the stimulation protocol that is most fitting to the following common definitions: (i) 20 Live birth rates are now assessed by SART with reference point cycle start, with first embryo transfers considered, whether fresh or the first frozen-thawed transfer in all-freeze cycles. 22 Outcome comparisons between stimulation protocols were made using the two-tailed Fisher's exact test, and the Wilson confidence interval for binomial proportions. Conventional Stimulation IVF served as the reference for all statistical comparisons. P-values of < 0.05 were considered statistically significant. All statistical analyses were performed by the center's principal statistician (SKD), using SAS version 9.4 statistical software.
Patient and Public Involvement
Patients were not involved in the design of the study Table 2 summarizes the pregnancy outcomes for each ovarian stimulation protocol used during the IVF cycle, the data is stratified by female age group. In addition, Figure 1 demonstrates in more detail the primary live birth rates for the various ovarian stimulation protocols, stratified by female age. As the figure demonstrates, starting with youngest patients under age 35 years up to oldest patients above age 42, conventional ovarian stimulations uniformly resulted in the highest live birth rates, followed by minimal stimulations, natural cycles and IVM. While this order was most pronounced in youngest women under age 35, differences between minimal stimulation, natural cycles and IVM, disappeared above age 35 years, though dominance of conventional stimulations over all other stimulation protocols increased with advancing age.
Results
The difference in live birth rates between conventional stimulation and other protocols, thus, widened with advancing female age from 1.6-3.9-fold among women under 35 years to 4.4-6.6-fold among women above age 42. Excluding data from the above mentioned two centers which performed 57.9% of all minimal stimulation and natural IVF cycles showed slightly higher live birth rates (between 0.7% and 6.1%) for these protocols in the remaining centers for all age groups, however, the live birth rates remained significantly lower than those achieved with conventional stimulation.
As expected, DOR patients across all age groups demonstrated lower live birth rates than the entire study population (Figure 1 ). However, even DOR patients, separately, again demonstrated the widening difference in live birth rates between conventional stimulation and other protocols with advancing female age from 2.8-fold among women under 35 years old to 5.2-fold among women above age 42. As expected, here presented data confirm universally declining live birth rates with advancing female age. However, somewhat unexpected, the data also reveal contradictory findings to current practice patterns. For example, as Table 1 demonstrates, alternative stimulations to conventional stimulations are increasingly used with advancing female age; yet, as Figure 1 demonstrates, especially minimal stimulation and natural cycle IVF, while still producing lower live birth rates than conventional stimulation, are clearly more effective in younger women under age 35 than at older ages.
Discussion
Especially minimal ovarian stimulation with a 26.1% live birth rate and natural cycle IVF with a 15.7% live birth rate in young women, may be considered potential alternatives to conventional stimulation, even though conventional IVF at 42.4% clearly produced higher live birth rates. Here observed live birth rates for minimal stimulation and natural cycles in women under age 35 are, indeed, surprisingly robust.
Though the DOR diagnosis was somewhat more common among patients undergoing alternative than conventional stimulations, this difference in DOR prevalence, at most, only partially explains the large difference in live birth rates (Figure 1 ) since restricting the analysis to only patients with DOR did not substantially alter the findings (Figure 2 ). We were not able to analyze other infertility diagnosis such as PCOS in the present study. It will be important to follow up this analysis for other infertility diagnoses, it is especially interesting to study efficacy of IVM protocols in PCOS patients. Such an approach may help to identify patients who are best candidates for various protocols.
Our study is particularly timely since it shows that national outcome data from routine clinical practice, contradicts observations from small clinical trials, which have recently been used to promote increased worldwide utilization of minimal stimulation IVF. 18 We previously noted that, after female age, number of oocytes retrieved and embryos available for transfer are the most important predictors of live births in IVF cycles 5, [23] [24] [25] . Since implantation rates decline and aneuploidy rates increase with advancing female age, the importance of oocyte and embryo 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r p e e r r e v i e w o n l y 10 numbers increases because more embryos can be safely transferred into the uterus to compensate for lower implantation rates. Younger women with high implantation rates, in contrast, will often, even with only few embryos, still conceive.
Here presented findings, therefore, make clinical sense but are not reflected in how these alternative stimulations are currently clinically utilized in the U.S. Cumulative live birth rates (per embryo cohort in a single cycle) would, likely, favor conventional stimulation even more profoundly, since these protocols are more likely to result in surplus transferable embryos than any of the alternative protocols.
This analysis is limited by lack of a standardized definition of minimal stimulation IVF; SART permits individual fertility centers to designate the most fitting stimulation type for each cycle. Additionally, because this analysis is based on aggregate data we were, except for age and diagnosis of DOR, not able to assess confounding patient characteristics, including number of prior IVF attempts and repeat cycles.
We, therefore, cannot rule out undiscovered patient selection biases for individual stimulation protocols. It is possible that some patients undergoing stimulation with alternative protocols had prior conventional stimulation with very low oocyte and embryo yields. Moreover, a retrospective study design does not permit to control for various factors which led to the selection of a stimulation protocol by a physician for each patient. We also note that there is an imbalance in the size of the study groups in our analysis with more than 90% of cycles in all age groups receiving conventional stimulation. However, it is important to note that by analyzing aggregate national data for the entire population of patients rather than a sample of the population the risk of selection bias is somewhat mitigated. Despite above noted limitations it is unlikely that adjustments for such biases would substantially change the principal findings given the large sample size and that live birth rates were 1.6 to 6.6-fold higher with conventional stimulation than all other protocols. We also note that most minimal stimulation and natural IVF cycles were performed by only two fertility centers, where selection of these protocols is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   11 likely more a reflection of practice patterns than biased patient selection of poor prognosis patients.
Indeed, while these two centers reported marginally lower live birth rates than other centers, excluding their data from the analysis did not substantially alter the principal findings.
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